The purpose of this paper was to present a reliability comparison of two types of city transport buses. Case study on the example of the well-known brands of city buses: Solaris Urbino 12 and Mercedes-Benz 628 Conecto L used at Municipal Transport Company in Lublin was presented in details. A reliability index for the most failure parts and complex systems for the period of time failures was determined. The analysis covered damages of the following systems: engine, electrical system, pneumatic system, brake system, driving system, central heating and air-conditioning and doors. Reliability was analyzed based on Weibull model. It has been demonstrated, that during the operation significant reliability differences occur between the buses produced nowadays.
Introduction
In municipal transport companies, vehicles reliability is a crucial parameter in the maintenance practice. Choosing the right type of the vehicle, which is adapted to specific operating conditions is very difficult. Currently, on the Polish market a large number of low-floor vehicles of diverse lengths and capacity, and with the accessories adapted to the needs of a particular transport company is offered. Literature shows that a lot of attention is paid to the problem of vehicles reliability. Many authors are professionally engaged in reliability modelling and defects analysis in the tested vehicles, including a.o.th. Reliability is also an important parameter, used to evaluate the quality of the municipal transport companies. If there is a possibility to determine the type and the failure number of vehicles, as well as an estimation of the mileage between those failures, fleet readiness problems could be minimized or even eliminated (Majeske, 2007; Murthy et al., 2002; Pecht, 2006; Rymarz et al., 2013; Shafiee et al., 2013) . The introduction of new types of vehicles entails knowledge of the operating characteristics of these vehicles. This is necessary not only to assess the suitability of different types of vehicles and determine their operating costs, but also to determine the type and number of components or the appropriate density of maintenance personnel (Grądzki et al., 2015) .
Monitoring of operational suitability of vehicles and their main components, especially with separation of "weak points" (Gołąbek, 1993) are basis for rationalization of the technical services range, according to criterion of not exceeding acceptable levels of damage risk.
Selection of the reliability analysis method depends on the type of the analyzed technical object and the required accuracy of the estimate. The method should take into account all of the possible factors affecting the reliability of the analyzed system, and at the same time the simplest procedure for registration and calculation as possible (Matuszak, 2010 ).
Studies process
The study included 22 buses of Mercedes-Benz 628 Conecto LF and 20 buses of Solaris Urbino 12. All buses were observed from the first day of the operation (January 2009 for Mercedes-Benz and June 2008 for Solaris) to the 48 and 54 months for Mercedes and Solaris buses, respectively. The studies were conducted under natural conditions. The analysis covered damages of the following systems: engine (US) (including engine, cooling and supply system), electrical system (UE), pneumatic system (UP), brake system (UH), driving system (UN) (including suspension and steering gear), central heating and air-conditioning (UOK) and doors (UD). Damages were recorded in the range of vehicle mileage failures occurrence. Reliability was analyzed based on Weibull model (Kleynera et al., 2005 ).
Study results
Figures 1 and 2 present frame charts of the failure-free operation of the selected structural systems, for Mercedes and Solaris buses, respectively. Median of the mileage between damages of the analyzed systems of both types of buses was calculated. Average mileage between damages for Mercedes buses for the central heating and air-conditioning, and doors was about 100 thousand km, for electrical system, engine and driving system was about 50 thousand km and for the pneumatic and brake system above 165 thousand km. In case of Solaris buses median mileage between damages was higher than for the Mercedes buses, and amounts respectively 165 thousand km for the driving system, 214 thousand km for the braking system, 110 thousand km for the brake system, 196 thousand km for the doors and 245 thousand km for heating and air-conditioning. electrical system (UE), pneumatic system (UP), brake system (UH), driving system (UN), central heating and air-conditioning (UOK) and doors (UD) Figure 2 . Box plots presenting failures occurrence of the selected Solaris Urbino buses systems: engine (US), electrical system (UE), pneumatic system (UP), brake system (UH), driving system (UN), central heating and air-conditioning (UOK) and doors (UD)
Reliability function analysis
In reliability evaluation a Weibull model was used. A parameter estimation of a two-parameter Weibull distribution was performed by a maximum likelihood method (Table 1) (Chukova et al., 2004; Kaplan, Meier, 1958) . A shape parameter is equal to slope coefficient of the fitted regression line, whereas the scale parameter can be calculated as the quotient (intercept/slope). Nonparametric methods of this type are used a.m. in assessment of the expected warranty time of vehicles (Gong, 2006) . Different shape parameter values indicate a diversity of reliability distribution. In case of engine and doors for Mercedes buses and brake, driving and pneumatic systems for Solaris buses, the shape parameter value was below one, and it can be interpreted as a result of after production damages. In case of brake and pneumatic systems for Mercedes buses, the shape parameter value was close to unity. It indicates predominance of it means that there is a domination of misfortune damages. In case of driving system, where c=1.3981 and electrical systems c=1.4043 or central heating and air-conditioning c=1.4208 for Mercedes buses, and electrical system where c=1.6406 for Solaris buses, the shape parameter value was above one. It means that systems damages are a deciding factor for determined by operational wear of parts. The scale parameter (characteristic ability) indicates how long (mileage) 63.2% of the observed buses break down. For the pneumatic and brake system in both types of buses, more than 63% of buses have failed at mileage about 200 thousand km. For the driving system this was half of the value -90 thousand km. In turn of the systems: central heating and air-conditioning, doors and engine 63.2% of the analyzed Solaris busses have more than two times longer mileage failsafe comparing to the Mercedes buses. A reliability analysis of all analyzed bus systems for Solaris and Mercedes buses according in relation to their operating mileage is presented in figure 3 . A significant decrease in reliability of Mercedes buses began to appear after 28 thousand km (R*(t)=0.8), and after 100 thousand km reliability is just 0.37. However for Solaris buses respective level of reliability can be observed in the longer mileage R*(t)=0.8 with more than 63 thousand km, and R*(t)=0.37 is equal 164 thousand km. The graph also presents the line fitted to the data points. The boundary lines of the confidence interval of 95% are indicated.
Figures 4 -10 present the results of reliability analysis of all studied systems of Mercedes and Solaris buses. In case of the electrical system of Solaris buses the decrease in reliability occurs after the mileage of 51.6 thousand km (R*(t) = 0.8). The level of R*(t) = 0.5 is reached after 101 thousand km mileage. The level of R*(t) = 0.8 states at the mileage of 23 thousand km for Mercedes buses. In case of Mercedes buses in the first 51 thousand km mileage the reliability decreases half of the value. Similar tendency is observed in case of the driving system, where reliability R*(t) = 0.8 occurs at the mileage of 30 thousand km and 18 thousand km, respectively, for Mercedes and Solaris buses, and R*(t) = 0.5 after the mileage of 65 thousand km for both types of buses. The reliability analysis of the brake and pneumatic system of both types of buses decreases in the range of vehicle mileage. A slight decrease in reliability of Mercedes buses began to appear between 0-60 thousand km, and after 100 thousand km the reliability of Solaris buses is higher than in Mercedes.
The reliability results of the door and central heating and air-conditioning system of the Solaris buses show it's significant advantage over Mercedes buses. In case of the central heating and air-conditioning system the reliability level R*(t)=0.8 was observed at 47 thousand km mileage for Mercedes buses and at 136 thousand km mileage for Solaris buses.
A similar situation appears in case of the door system, where reliability decreases to the value of R*(t) = 0.8 after 38 thousand km and 95 thousand km for Mercedes and Solaris buses, respectively, and to the level of R*(t) = 0.5, after 91 thousand km and after 169 thousand km. Figure 11 presents the failure percentage of the electrical system, where the number of failures is the highest from all of the analyzed systems. Failure of power system was responsible for about 70% of all failures, and indicator system just 20% and 13% for Mercedes and Solaris buses respectively. Other failures (alternator, starter and battery) constitute about 15% of all electrical system failures.
Conclusion
The article presents a reliability comparison of city transport buses on the example of Solaris Urbino 12 and Mercedes-Benz 628 Conecto LF at Municipal Transport Company in Lublin. The analysis covered damages of the selected construction systems. This analysis is used to better organized the operating system at Municipal Transport Company, so that the number of failures could be minimized.
Damages were recorded in the range of specific vehicle mileage. Each vehicle travelled on average 350 thousand km in the analyzed period (54 months of observation).
It can be said that Solaris buses stands out higher failures' mileage and higher total reliability in comparison to the Mercedes buses. Moreover, it has been shown, that the reliability of the various structural systems differs and depends on the brand of the bus. In case of the two analyzed brands the most unreliable systems were electrical system, engine and door mechanisms. However, the highest risk of failure was found in the case of driving system and central heating and air-conditioning system.
